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DIGITAL MULTIMETER WITH
MICROPROCESSOR CONTROL

BACKGROUND OF THE INVENTION

This invention relates to digital measuring devices
which have multiple functions. In the testing of electri-
cal components of a device under test, including circuit
components, it 1s desirable to use a single instrument for
performing measurements of a number of parameters
such as voltage, current, resistance and capacitance.
These meters are referred to as multimeters. With the
advent of digital technology, digitally controlled multi-
meters have been developed and are known as digital
multimeters (DMM). Known digital multimeters will,
under the control of a microprocessor or other program
controller, control the measurement of a specific char-
acteristic of a device under test. When the measurement
of the parameter has been completed, the result is either
printed or, more commonly, displayed on a display such
as a liquid crystal or other display screen. In certain
prior art devices, a microprocessor included with the
device only functioned to control the liquid crystal or
other screen of the display device. Digital technology
was not used to control the selection of parameters to be
measured of the device under test. More recently, how-
ever, as shown in U.S. Pat. Nos. 4,864,512, issued Sep.
3, 1989 to K. A. Coulson et al., and entitled “Measure-
ment Apparatus with Plural Displays of Measured Pa-
rameter and Selectable Function Thereof”’ and U.S.
Pat. No. 4,794,383, issued Dec. 27, 1988 to Karel Havel,
and entitled “Variable Color Digital Multimeter”, the
microprocessor or other program controller has been
used to both drive the display as well as to control at
least some of the functions in the apparatus in the course
~of measuring one or more predetermined parameters of
a device under test.

A problem common both to digital multimeters as
well as to older version analog multimeters is that of
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potential overloading of the sensitive circuits within the 40

multimeter. Such overloading may come as a result of
connection by the user of the apparatus to a voltage or
current source with a magnitude greater than the capa-
bility of the circuitry within the multimeter to handle.
For example, in one type of prior art multimeters, prior
to measuring a parameter of a device under test, the user
must attach electrical leads, usually two, to the device
under test. The other ends of the leads are connected to
the multimeter, which has a plurality of lead sockets to
accept the leads from the device under test. The sockets
will correspond to a range of a parameter, such as volt-
age. A typical voltage range for one socket may be from
0 to 15 volts, whereas the next socket may be for volt-
age ranging from O to 150 volts. If the user were to
connect the leads to activate the circuit within the mul-
timeter corresponding to measurement of the voltage
within the 0 to 15 volt range, and if the user was further
unaware that the voltage in the device under test ex-
ceeded 1000 volts, connection of the leads and activa-
tion of the multimeter would in all likelihood result in
damage and burnout of the circuit components, making
the multimeter useless and in need of replacement.
Other multimeters may employ a rotary switch in lieu
of the lead sockets. The rotary switch is used, in lieu of
movement of leads into sockets on the multimeter body,
to select the range of voltages or current within which
the user expects the device under test to fall. Once
again, If the device under test exceeds the range selected
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by the user, damage and potential destruction of the
rotary switch and the circuitry within the multimeter is
a very real possibility.

Another shortcoming of prior art multimeters is their
inability to readily measure more than one parameter of
a device under test without either moving leads into
difterent sockets in the multimeter body in the first type
described above or by moving the rotary switch to the
appropriate setting in the second type described above.
Thus, 1n the prior art, if a user measured the voltage of
a device under test and then wished to measure the
current of that same device, the user would, while hold-
ing the multimeter in one hand, use the other hand to
turn the rotary switch :from the voltage setting to the
current setting. Furthermore, in the prior art devices,
with the need for a rotary or slide switch to allow for
the selection of ranges and parameters to be measured,
the overall expense of the multimeter is increased. The
use of mechanical rotary or slide switches does not fully
utilize the capability of a microprocessor or other pro-
gram controller (driving the display screen only) to
perform the function of shifting parameters to be mea-
sured (from voltage measurement to current measure-
ment, for example). If too high a voltage or current is
passed into the multimeter due to the user incorrectly
setting or positioning the rotary switch, the digital cir-
cuitry will be damaged, often requiring replacement of
the entire multimeter.

SUMMARY OF THE INVENTION

In accordance with the present invention, a micro-
processor, under control of a keyboard or other input
device, performs multiple functions. As in prior art
devices, the microprocessor will provide a control to a
liquid crystal or other display to display the value of the
parameters measured from the device under test. In
addition, the microprocessor under conirol of a key-
board or other input device, will control the selection of
a parameter such as voltage, current, resistance capaci-
tance or other parameter to be measured. The digital
multimeter of the present invention allows the user to
connect leads to any device under test regardless of the
voltage or current value of the device. Furthermore,
under control of the microprocessor, an auto ranging
feature embodied in the present invention will cause the
microprocessor to control a resistor and switch net-
work to select the appropriate range for measurement
of the desired parameter without risking burnout or
damage to the internal circuitry of the multimeter. The
multimeter of the present invention permits, through
microcomputer control, switching from one parameter
to another parameter simply by actuating the respective
keyboard or other input, eliminating the need to make
adjustments to the rotary or slide switches. The multi-
meter of the present invention provides an overload
protection feature to protect tile circuitry in the multi-
meter and 1s embodied in a compact handheld instru-
ment which allows one-hand use to facilitate ease of
usage.

It 1s therefore an object of the present invention to
provide a digital multimeter device which allows con-
trol of the selection of parameters and the range of
parameters to be measured under microprocessor con-
trol.

It 1s another object of the present invention to pro-
vide an overload prevention means in the multimeter to
prevent burnout or damage to the multimeter caused by
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too high a voltage being connected to the multimeter
through an input terminal.

It 1s yet another object of the present invention to
provide an auto ranging feature whereby the range of
the parameter to be measured, if not selected by the
user, will be automatically determined by the micro-
processor without intervention of the user and without
the danger of overloading and consequent damage to
the circuits within the multimeter.

It 1s yet another object of the present invention to
provide a multimeter which allows for rapid sequential
measurement of different parameters of a device under
test without having to use cumbersome rotary slide
switches, and only requiring activation of buttons on
the keyboard.

It 1s still another object of the present invention to
provide a compact handheld multimeter which can be
manipulated without the use of both hands and which is
less expensive in construction.

In accordance with the present invention, a multime-
ter 1s provided with a keyboard. The keyboard is con-
nected to and communicates with a the microprocessor.
‘The microprocessor controls a resistor and switch net-
work. The resistor and switch network receives inputs
from the device under test and includes a connection to
a number of terminals for inputs for measuring DC
voltage, AC voltage, current resistance and capaci-
tance. These terminals are connected to leads which
leads are in turn connected to the device under test.

A problem present in prior art multimeters is that if
an excessive voltage or current is imposed on the leads,
the multimeter circuitry may burn out or at least be
damaged, requiring replacement of the multimeter. In
the present invention a resistive network connected to
clamping circuits will cause excessive voltage to go to
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ground, thus preventing passage of excessive voltage to

the circuitry within the multimeter. The microproces-
sor will sense the magnitude of the voltage or current
and will automatically connect and disconnect switches
within the resistive network to an appropriate range of
values so that the circuitry Of the system may effec-
tively measure the parameter desired.

BRIEF DESCRIPTION OF THE DRAWINGS

40

FIG. 1 1s a block diagram of a digital multimeter of 45

the present invention.

FIG. 2 1s a block diagram which illustrates the con-
trol for a resistor and switch network.

FIG. 3 is a block diagram illustrating an overload
protection device for use with the multimeter of the
present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

Digital multimeters of the prior art and in the present
Invention are conventionally enclosed within a unitary
housing having some means to display results of mea-
surement, which may either be an analog needle gauge
or a digital readout. Multimeters typically include an
input device which allows the operator to select the
type of measurement desired and a range button or
switch which allows the user to select a particular
range, for example, a voltage range of between 0 and
150 volts, and a number of other input terminals or
sockets in the body of the multimeter. These sockets or
terminals are adapted to receive leads which are in turn
attached to or placed in contact with the device under
test. With certain multimeters of current design, a pa-
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rameter such as voltage will be displayed on the analog
dial corresponding to the voltage measured.

Referring now to FIG. 1, there is shown in a block
diagram the overall system of the present invention.
The various components are housed within a housing 1
which may be of any suitable shape and size to receive
and package the components, a function selection unit
and a display unit. Within the housing unit 1 of FIG. 1,
a selection unit in the form of a keyboard 2 is located.
Keyboard 2 may comprise a number of pushable or
slidable buttons or switches which correspond to vari-
ous functions to be tested or various ranges within
which the test ought to be performed. Instead of a num-
ber of push buttons, toggle switches or pressure sensi-
tive or heat sensitive switches may be used. For exam-
ple, the buttons or switches on the keyboard 2 may be
individually marked with the particular function they
control, such as VDC, for the button or control which
actuates the function of testing DC voltage; VAC for
the button which controls the function of testing for AC
voltage, OHMS for the function which controls the
measurement of resistance of a device under test; CAP
for the button which controls the measurement of ca-
pacttance of a device under test, etc. In addition, but-
tons may be marked with a series of numbers corre- .
sponding to the range within which measurements are
taken.

The keyboard or keypad 2 communicates with a
programmable controller in the form of a microproces-
sor 6 shown 1n FIG. 1 through a communication line 4
(which may be a serial or parallel connection well
known in the art) to microprocessor 6. The micro-
processor 6, which may be of any suitable design, per-
forms two main functions. Its first function is to display
the results of measurements taken using the multimeter
on a display 10, communicated to display 10 through a
communication line 8. Communication line may be a
conventional parallel or a serial connection, as desired
and appropriate. Display 10 which may be a liquid
crystal display, or another suitable display, or a printer
of suitable design, which will display or print the results
of the measurements taken by the digital multimeter of
the device under test. The display 10 may also be used
to display error codes, low battery condition, faulty
connection -of leads to the device under test, etc. Time
of day and date may also be displayed on the display 10,
if desired.

Microprocessor 6 performs a second function, and
that is to receive information through means to be de-
scribed below from the device under test and to then
display those results. As shown in FIG. 1, a connection
or interface 12 connects the microprocessor 6 to a digi-
tal multimeter circuit 14 which may be in the form of
discrete circuit elements or of an integrated circuit. The
interface may be a parallel or serial connection, as de-
sired and appropriate. The digital multimeter circuit 14
performs the tunctions of receiving information in the
form of data corresponding to magnitude of a parameter
(AC voltage level, for example) from a plurality of test
leads 15 and processing the data which are usually in
analog form, and converting it into digital form to be
processed by the microprocessor 6. Thus, the magni-
tudes measured by the digital multimeter circuit 14 are
forwarded in a digital form over link 12 to the micro-
processor for processing. A power supply 16 shown in
FIG. 1 provides power through leads 18 and 20 to the
multimeter 14 and microprocessor 6, respectively.
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FI1G. 2 shows in greater detail the structure and oper-
ation of the digital multimeter circuit 14 shown in the
block diagram of FIG. 1. As explained in connection
with FIG. 1, the microprocessor 6 communicates with
the digital circuit 14 over an interface line 12. For pur-
poses of illustration only, however, interface line 12 has
been shown as a single communication line connecting
the microprocessor 6 with an interface device 22.

When a user pushes one or more of the buttons or
keys on the keyboard 2 shown in FIG. 1, the micro-
processor 6 will send an instruction word through the
interface device 22 over line 12, which may be 14 bit
long word. In microprocessor 6, the 14 bit word is
shown in FIG. 2 as being stored in latches 28 and 30.
Seven of the bits in the instruction word stored in latch
28 define the function which the digital multimeter is
instructed to perform, such as taking a voltage or a
current measurement. The remaining seven bits of the
instruction word contained in latch 30 define the range
within which the function i1s to be determined by the
first seven bits. The 14 bit word and the latches shown
are for purposes of illustration only, and other instruc-
tion words of different bit lengths are considered equiv-

alent to the arrangement shown and disclosed 1n this
specification.

The interface device 22 may be a tristate register or
any other suitable device. It may comprise two data
lines arranged in a wired-AND configuration so that
each device can signal the other device by forcing one
of the two-wires into a “low” condition. Serial transfer
of a predetermined numbers of bits in a digital word 1s
delimited by start and stop bits which are, in turn, de-
fined by their relation to a clock signal on one of the
data lines. The start and stop bits are chosen to be 1n a
particular state during the *“active” portion of the clock
signal. A interface device useful with the present inven-
tion is described in related copending application Ser.
No. 07/858,855, entitled “Two Wire, Bidirectional data
Bus and Method of Operation”, by Jerry J. Heap and
Douglas R. Curtis, the disclosure of which is incorpo-
rated by reference herein. Thus, through the action of
keyboard 2, the user can cause the microprocessor 6 to
instruct the digital multimeter circuit 14 to perform
certain functions on the device under test within certain
ranges of voltage, current, resistance or capacitance as
desired. Therefore, the interface device 22 will contain
information relating both as to the function to be mea-
sured and the range within which that measurement is
to be taken. As will be described below, the interface
device 22 also functions to forward information to mi-
croprocessor 6.

As shown in FIG. 2, the path between microproces-
sor 6 and interface device or register 22 1s a serial path.
In lieu of a serial path, a parallel data path may also be
used as desired and as appropriate depending on the
particular chip or circuitry used in implementing the
connection and further dependent on the particular
microprocessor utilized. The  interface register 22
which receives the 14 bit word mstruction from the
microprocessor 6 over line 12 may contain two latches,
a first latch 24 of seven bits corresponding to function
selected and another seven bit register 26 corresponding
to the range selected by the user through the micro-
processor 6. The interface register 24 function instruc-
tion is carried by line 32 to a function decoder 34. Func-
tion decoder 34 may be any suitable register or other
device to receive the particular function selected by the
user and condition the resistor and switch network 38
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(to be described below) through a communication line
36. In addition, interface register 26 will control the
range of values to be measured through a communica-
tion or connection line 40, which is also connected to
resistor switch network 38. Resistor network 38 acts in
a conventional manner to convert the parameter to be
measured into an analog voltage. The analog voltage is
“divided down” by the network to a level which can be
handles by the analog to digital convertor which may
have a limited range.

Resistor network 38 may be constructed in a number
of different ways. The resistor switch network may
comprise an arrangement similar to that in a conven-
tional rotary resistor arrangement used in prior art volt-
meters and multimeters. The resistor arrangement may,
alternatively, be in the form of a number of parallel
spaced resistors with a slide switch connecting one or
more of the resistors depending upon the range se-
lected. Yet another type of resistor and switch network
comprises a number of resistors and individual switches
to the resistors, the opening and closing of the switches
resulting in the connection and disconnection of desired
resistors. In one such conventional resistor arrange-
ment, shown in FIG. 51 of U.S. Pat. No. 4,794,383,
discussed above, a rotary switch will come into contact
with resistors of varying resistance. The particular resis-
tance switch network utilized does not form part of the
present 1nvention, and it 1s only important that the net-
work be configurable through instructions from micro-
processor 6. The resistor and switch network 38 is con-
nected to a number of inputs 15 to which the device
under test are connected.

A resistor and switch network useful with the present
invention and which can be configured by microproces-
sor 6 controliing a number of semiconductor switches is
described in related copending application Ser. No.
07/859,142, entitled “Single Resistive Divider Network
For a Digital Multimeter”, by Paul T. Schreiber and
Jerry J. Heep, the disclosure of which is incorporated
by reference herein.

Certain one or more of the inputs 15 are connected to
the device under test when performing a measurement
of DC voltage or AC voltage, as is known in the prior
art. Certain other inputs 15 are connected to a device
under test when the current of the device under test is to
be measured and still certain other inputs 15 may be
connected when the capacitance of a device under test
is to be measured, as is conventionally known. Signals
from the microprocessor 6, through communication
lines 36 and 40, will respectively select the particular
input: line to be activated, depending on the particular
function or parameter to be measured, and the range in
which that parameter is expected to fall. Once the func-
tion and the range have been selected and the measure-
ment performed on the device under test through the
appropriate one or more inputs of inputs 15, the results
of that measurement will be communicated from the
resistor and switch network 38 over line 44 to the ana-
log to digital convertor 46. Following conversion to a
digital form, the measurement in the form of digital data
will be passed through line 48 to interface register 22
and subsequently to microprocessor 6. Microprocessor
6, upon receiving the result, will then cause the display
10 to display the results of the measurement.

At times the user may find it useful or necessary to
have an input voltage to decibel conversion capability
in a multimeter. Decibels may calculated relative to a
fixed power level, and the unit “dbm’ is a measurement



5,396,168

7

of the power level of one signal relative to another. The
multimeter of the present invention may include in the
memory 7 a table of voltage values with each entry
being associated with a given decibel value. The input
voltage 1s compared with entries in the table to locate a
first entry which is larger than the input voltage. A
second entry having a lower value than the input volt-
age 1s then located in the table. A fractional value that
1s indicative of where the input voltage lies at a range
between the first entry and the second entry is calcu-
lated using the first and second entries. The fractional
value 1s added to a decibel value corresponding the
second entry to produce a decibel value for the input
voltage. Details of the operation and structure of a
voltage to decibel convertor are contained in related
copending application Ser. No. 07/858,814, entitled
“Voltage to Decibel Converter Having Partial Table
Lookup”, by Jerry J. Heep, now U.S. Pat. No.
5,341,089 the disclosure of which is incorporated herein
by reference. |

Another aspect of the present invention relates to an
“auto ranging” feature. This feature may be activated in
the event that the user does not know the expected
range within which the device under test is to fall. The
user only has to select the function switch.

The purpose of providing a range selection, whether
manual or.automatic, is to increase responsiveness and
sensitivity of measurement. For example, the ranges
may have the values 0-15 volts, 0-150 volts and 0-1500
volts. If a voltage of a device under test is 15 volts, and
if the multimeter 1s set to operate in the 0-1500 volts
range, the precision of measurement may be less than if
that same voltage were measured with the range selec-
tor set 1n the 0-15 volts range.

In the event that the user has not selected a range for
a particular function whose value is to be measured on
a device under test, but rather selects an “auto range”
button or switch, the “auto ranging” feature of the
present invention will be invoked. With the auto rang-
ing feature, if the parameter of voltage of the device
under test i1s to be measured, initially the microproces-
sor will send no instructions corresponding to the range
selected. This causes interface register 22 to send no
signal on line 40 to the resistor and switch network 38.

Thus, when the user pushes or selects the manual
switch, a range appropriate to the particular parameter
being measured will appear on the liquid crystal display
as a result of instructions received from microprocessor
6. If the user desires a lower or upper range, depending
on his knowledge of the device under test, another
button or switch will increase the range or decrease the
numerical value of the range. Once the range has been
set, that range will be communicated from the micro-
processor 6 through the interface register 22 and to the
resistor and switch network 38 as discussed above. If,
however, the user wishes, the “auto” switch may be
selected. In that event, the microprocessor must imple-
ment a series of test measurements on the device under
test to ascertain the range within which a usable mea-
surement results. A program which controls the func-
tioning of the auto ranging feature may be contained in
a memory device 7 such as a Read Only Memory
(ROM) which may be either internal or external to the
microprocessor 6. The memory device 7 may also store
other program functions, such as self-test and systems
operations instructions. When the auto switch is se-

lected, the microprocessor 6 will fetch instructions from

the memory device 7. In the first instance, the micro-
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processor 6 will select a range for the purposes of deter-
mining the response of the device under test to that
range. The range to be first selected may be the highest
range possible with manual selection. Upon selection of
the highest range, that range information will be fed to
the interface device 22 through line 12. The resistor and
switch network 38 will configure the resistor and
switch network, and assumes that the device under test
will respond to the highest range. For example, if the
device under test is to have its voltage measured and the
auto selector 1s actuated in the first instance, the resistor
and switch network 38 is configured for a voltage in the
range of 0-1500 volts. The result of that measurement
will be passed along line 44 to the audio analog to digital
converter 46 and line 48 and the interface 22 to the
microprocessor 6. If in fact the voltage of the device
was far less than 1500 volts, a zero, null or error reading
would result. This would indicate to the microproces-
sor that the range selected was too high and that the
voltage of the device under test did not fall within the
first high range. The microprocessor 6 would then,
under mstruction from the memory device and the pro-
gram contained therein, select the next lower range
which for example might be 0-150 volts and once again
measuring the voltage of the device under test. If the
magnitude measured falls within the range of the se-
lected range then the information received by the mi-
croprocessor 6 indicates the magnitude of such parame-
ter and displays the numerical value on display 10.

Thus, on the face of the multimeter 1, a number of
switches or buttons may be provided. It is to be under-
stood that, 1n lieu of individual switches for each func-
tton, a two-position switch may be used. For example,
in lieu of a separate button for volts and a button for
amps or current, a single slide button may be provided,
which i1n one position will provide the function of mea-
suring amps and in the other position the function of
measuring voltage. In addition, as described above, a
ranging button may be comprised of a single button
which in one position will function in the auto ranging
configuration and in another a manual configuration in
which the user will select the units and will select the
range desired.

It will be understood that when auto ranging is se-
lected, the microprocessor 6 may be programmed to
display a nominal range number for a particular func-
tion being measured. For example, the nominal number
for voltage may be 0 to 1500 volts. If the user desired to
change the range, he or she would actuate either the
range up or range down buttons, thus moving the range
manually to the next higher or the next lower range. A
further button or set of buttons would allow the user to
select AC or DC operation measurement. A hold-
/release button may also be provided. In this configura-
tion, the user may, by pressing a “hold” button, store a
value just measured in the memory 7 connected with or
integral with the microprocessor 6 for future reference
or comparison with measurements of other devices
under test.

A feature of the device of the present invention is an
overload protection feature, shown schematically in
FIG. 3 of the drawings. One of the inputs 15 shown in
F1G. 2 corresponds to an input to measure voltage of a
device under test. This voltage input is shown as termi-
nal 30 in FIG. 3. Another feature of the present inven-
tion 1s that both AC voltage and DC voltage may be
connected to a common terminal 50 for measurement
purposes. Terminal 50 branches out to two lines at node
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51, line 52 (corresponding to DC voltage input) and line
54 (corresponding to AC voltage input). In prior art
devices, the introduction of a overly large voltage on
the AC or DC voltage input can cause damage to the
circuitry contained in the multimeter, including the
resistor and switch network, the microprocessor and
assoclated circuitry. This may occur, for example, if the
range selected by the user corresponds to 0-150 volts
and the actual voltage measured exceeds 300 wvolts.
Also, it 1s common for multimeters to have a “direct
connect” from an input terminal to the measurement
and conversion (analog to digital) circuitry to increase
sensitivity in low ranges of values, thus bypassing the
resistor network. This makes an over-voltage situation
particularly dangerous to the multimeter circuitry. The
particular resistor which may be contained in the prior
art circuit for the selected range may be unable to drop
the voltage sufficiently across the resistor to prevent
damage to the circuitry within the multimeter.

In the present invention, on the DC input line 52, a
large resistor such as a 10 meg ohm resistor 56 may be
utilized. On the AC input line 54, a large resistance such
as a 1 meg ohm resistance 60 may be employed together
with a capacitor 58. The function of the capacitor 58 is
to cause branching of DC voltage to the DC voltage
line 52 and branching of AC voltage to the AC line 54.
Due to this resistance difference, AC impedance will be
less than DC impedance, and thus AC measurement
performance will be good at high frequencies. Con-
nected to DC line 52 and AC line 54 are two clamp
devices 62 and 64. Each clamp device, which are device
known in the prior art, is connected to ground, shown
in reference numerals 66 and 68, respectively. A clamp
device functions as a switch to pass a voltage through
the clamped device and to ground once a certain level
of voltage has been reached. A particular clamping
circuit which is useful with the overload protection
circuit of the present invention is described in related
copending application Ser. No. 07/858,580, entitled
“Overvoltage Protection for Battery Powered Equip-
ment” by Jerry J. Heep and Douglas R. Curtis, the
disclosure of which is incorporated herein by reference.

In the circuit shown in FIG. 3, if a large voltage is
attached to voltage input terminal 50, the voltage ex-
ceeding a certain voltage (which may be predetermined
by the circuit designer to be at a voltage level the cir-
cuitry of the multimeter can tolerate without damage to
the circuit), will be dropped off to ground 66 by clamp
62. Similarly, too great a voltage on line 54 will cause
the clamp 64 to conduct the excessive voltage to ground
68. Each of the lines 52 and 54 leads into a resistor and
switch network, such as network 38 shown in FIG. 3,
through lines 70 and 72, respectively. Through use of
the overload circuit illustrated in FIG. 3, risk of damag-
ing the resistor and switch network 38 and of the com-
ponents of the multimeter is ehiminated.

One further advantage of the arrangement shown in
FIG. 3 1s that the arrangement eliminates requiring two
separate voltage inputs, one for AC voltage and the
other for DC voltage, thus reducing the cost of the
multimeter. In addition, the resistor and clamp arrange-
ment shown 1n FIG. 3 eliminates the requirement of a
high voltage switch in order to prevent damage to the
circuitry of the multimeter.

An additional function available with the present
invention is the facility of enabling the measurement of
more than one parameter of a device under test. For
example, the user may be interested in determining not
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only the voltage level but also the current value of a
device under test. In prior art devices, it was necessary
to manually move a rotary or slide switch to reconfig-
ure the effective connection of the leads to the multime-
fer.

In the present invention, once the leads have been
disconnected, if necessary, to measure one parameter
and reconnected to measure another parameter, no
other switching is required. The user merely pushes the
other function button and the system will automatically
configure itself to shift ranges and shift functions. This
1s accomplished through the circuit shown in FIG. 2
wherein change of function and change of range will be
automatically implemented through the microprocessor
and the function decoder to the resistor and switch
network. In the prior art using a rotary type switch,
after the leads had been shifted, if the meter had re-
mained on and the user had rotated the rotary dial past
the previously measured function, at least the resistors
In the rotary dial and perhaps other circuit elements
may have burned out or be otherwise damaged. Thus,
the present invention provides for not only a very con-
trollable setup for operation and measurement of a de-
vice under test but also provides for rapid shifting of
functions without damaging elements within the multi-
meter. In addition, if the user wishes to simultaneously
measure two parameters, such as current and voltage,
the user will connect three leads to the device under test
to measure volts and current the user merely needs to

actuate first the volts and then the currents key to shift
from calculation from one parameter to another. This

feature 1s particularly useful in the event that the device
under test may have a variable voltage output. As volt-
age of the device under test is varied, the user can ob-
serve the voltage change as measured by the multimeter
while also tracking the change in current values. In
prior art devices, using either a rotary or a slide switch,
this would be impossible because the rotary or slide
switch would disconnect the current path from the
circuit from the device under test while it checked the
voltage level.

In addition to the voltage and current parameters, it
may be desirable to include within the multimeter the
ability to measure other parameters. The user may de-
sire to include a function to test transistors for various
parameters, such as forward DC gain, the type of tran-
sistor, and identification of pins. A suitable input is
attached to one or more additional input leads 15 of
FIG. 2. The particular design of the terminal or sockets
for contacting the pins of a transistor under test is not
shown in the drawing but is known to those skilled in
the art. In order to determine the forward DC gain (Hg)
of a transistor under test, the transistor having a first
terminal, a second terminal and a third terminal, a diode
check i1s performed between the first terminal and the
second terminal of the transistor. A diode check is a
simple test, known to those skilled in the art, for deter-
mining the existence and polarity of a single P-N junc-
tion in a semiconductor device. A diode check is also
performed between the second terminal and the third
terminal of the transistor. The transistor type and the
base terminal of the transistor are identified in accor-
dance with the results of the diode checks. Once the
transistor type and base terminal are known, the DC
voltage gain (Hp) of the transistor may next be mea-
sured.

Hf may be measured by injecting a current into one
unidentified terminal of the transistor, 1.e. other than the
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base terminal. A current flows in the base terminal of
the transistor, responsive to the current injected. This
base current 1s measured. Furthermore, by alternatively
injecting a current into the other unidentified terminal,
and measuring the current flowing in the base terminal
of the transistor, the forward Hg and the identities of
the collector and emitter terminals may be determined.
Details of the operation and structure of the transistor
checker are contained in related copending application

Ser. No. 07/858,860, entitled ‘“Automatic Transistor 10

Checker”, by Paul T. Schreiber and Douglas R. Curtis,
the disclosure of which is incorporated herein by refer-
ence.

In addition to determining voltage, current and tran-
sistor characteristics, the user may desire to determine
the capacitance of a device under test, in particular a
capacitor of unknown capacitance. The capacitor may
be attached to one or more inputs generally shown as
inputs 15 in FIG. 2. The particular terminal used is
known to those skilled in the art and may include a first
test terminal and a second terminal connected to
ground.

Suitable circuitry is arranged to charge the unknown
capacitor from a DC source and to discharge the capac-
itor through a constant current circuit so that the dis-
charge voltage across the capacitor decreases linearly
from 1ts initial value to zero. The linear discharge pro-
vides a time interval that is independent of the source
voltage and other parameters and depends solely upon
the discharge resistance in the constant current dis-
charge circuit. Thus a simple relation for the value of
the capacitance can be established as a constant factor
times the time interval it takes for the capacitor to dis-
charge. By suitable measurement of the time interval
and indicating on an appropriate scale its relation to a
range of capacitance values, the actual value of the
capacitor can be determined. Details of the operation
and structure of the capacitance measurement circuit
are contained in related copending application Ser. No.
07/858,857, entitled “Battery Operated Capacitance
Measurement Circuit”, by Jerry J. Heep and Douglas
R. Curtis, the disclosure of which is incorporated herein
by reference.

Thus, the present invention provides several advan-
tages not present in the prior art through the use of a
keyboard or other input device and microprocessor

control. The microprocessor is more fully utilized in the

present invention not only to control the display of the
measured parameters but also to control the setup of the
resistor and switch network to respond to selection of
different functions and selection of different ranges
within which the parameters of those functions will be
measured.

The present invention eliminates the need in prior art
devices of a rotary or slide switch to perform the same
function. In addition, the present invention provides a
simple and elegant means of overload protection to
protect against burnout or damage to circuit elements in
the multimeter without resort to expensive high voltage

switches, in order that users’ mistakes in selection of 60

ranges of expected parameters in a device under test
may be accommodated without causing the meter to be
damaged. The provision of the overload protection of
the present invention also improves the safety of the
device for users compared with the prior art devices.
Finally, the flexibility of the control by keyboard
input allows the user to quickly shift from one measure-
ment parameter to another measurement parameter
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without causing damage to the multimeter through
inadvertent movement of a rotary or slide switch out of
a given range.

The present invention also facilitates a three lead
connection mode to the device under test of a near
simultaneous measurement of a plurality of parameters a
feature not present in the prior art.

While the present invention has been described and
illustrated in the present specification and drawings this
should not be interpreted as limiting the scope of the
invention. Numerous modifications may be made in the
construction of the preferred embodiment disclosed
herein without departing from the spirit of the invention
as defined in the claims.

What is claimed is:

1. Measuring apparatus for measuring values of elec-
trical parameters of a device under test, the apparatus
comprising:

at least one input terminal adapted for connection to
the device under test:

a selection unit for selecting electrical parameters to
be measured;

a programmable controller controlled by the selec-
tion unit;

a resistive divider network controlled by the pro-
grammable controller, the network being opera-
tively connected to the at least one input terminal,
the programmable controller configuring the net-
work for measurement of the value of a parameter
of the device under test and generating a meter
output signal indicative thereof; and

display means responsive to the meter output signal
for displaying the value of the selected electrical
parameter measured.

2. The measuring apparatus of claim 1, wherein the
programmable controller configures the network in
response to selection of parameters by the selection unit
for measuring different parameters.

3. The measuring apparatus of claim 2, wherein the
measuring apparatus 1s a multimeter and the electrical
parameters to be measured are voltage, current, resis-
tance and capacitance of the device under test.

4. The measuring apparatus of claim 2, wherein the
resistive divider network includes a plurality of
switches controlling a network of resistors and wherein
the programmable controller controls the switches to
configure the network.

5. The measuring apparatus of claim 1, wherein the
selection unit 1s a keyboard unit.

6. The measuring apparatus of claim 1, wherein the
programmable controller is a microprocessor.

7. The measuring apparatus of claim 6, and wherein
the microprocessor controls the display means to dis-
play the value of the parameter measured.

8. The measuring apparatus of claim 1, wherein the
network 1s an analog network and the parameter mea-
sured is a value in an analog form, further comprising an
analog to digital converter, the converter being opera-
tively connected to the network and to the programma-
ble controller, the converter converting the analog
value of the parameter measured to a digital form for
the programmable controller.

9. The measuring apparatus of claim 1, wherein the at
least one input terminal comprises an input line for
measuring voltage of the device under test, the input
line being operatively connected to the resistive divider
network. |
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10. The measuring apparatus of claim 9, further com-
prising an mmput impedance operatively connected to
the mput line and a clamping network operatively con-
nected to the input impedance.

11. The measuring apparatus of claim 9, further com-
prising a current limiting resistor and a clamping net-
work operatively connected to the input line.

12. The measuring apparatus of claim 9, further com-

- prising a program to control the programmable control-
ler, the program containing instructions for converting
a value of a voltage measured to a value into a decibel

value.

13. The measuring apparatus of claim 1, wherein the
at least one input terminal comprises a common termi-
nal branching to an input line for measuring AC voltage
of the device under test and to an input line for measur-
ing DC voltage of the device under test, the input lines
being operatively connected to the resistive divider
network.

14. The measuring apparatus of claim 13, wherein the
AC input Ime for measuring AC voltage is connected to
the input terminal through a capacitive device and a
resistive device, and further comprising a clamping
network connected to the AC input line.

15. The measuring apparatus of claim 14, wherein the
DC input line for measuring DC voltage is connected to
the input terminal through a resistive device, and fur-
ther comprising a clamping network connected to the
DC input line.

16. The measuring apparatus of claim 15, wherein the
resistive value of the resistive device of the AC line is
on the order of ten times the resistive value of the resis-
tive device of the DC line.

17. The measuring apparatus of claim 1, wherein the
values measured may be measured within ranges, the
selection unit further comprising means for selecting the
range of measured values.

18. The measuring apparatus of claim 17, further
including an interface circuit providing communication
between the programmable controller and the network,
and wherein the programmable controller configures
the network by communication therewith by way of the
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interface circuit for a selected parameter and a selected
range of values of that parameter.

19. The measuring apparatus of claim 17 wherein the
programmable controller includes means for automati-
cally selecting a range of measured values.

20. The measuring apparatus of claim 19 wherein the
means for automatically selecting a range of values
selects a range of values for a measured parameter
under the control of a program.

21. The measuring apparatus of claim 20, wherein the
programmable controller first selects the largest range
contained in the program, and if the measured value of
the parameter does not fall within the largest range, the
programmable controller next selects the largest range
and then the next largest range until the measured value
falls within range selected for measurement.

22. The measuring apparatus of claim 1, wherein the
at least one input terminal comprises an input line for
measuring current of the device under test, the input
line being operatively connected to the resistive divider
network.

23. The measuring apparatus of claim 1, wherein the
at least one mnput terminal comprises an input line for
measuring resistance of the device under test, the input
line being operatively connected to the resistive divider
network.

24. The measuring apparatus of claim 1, wherein the
measuring apparatus is a multimeter and the electrical
parameters to be measured are voltage, current, resis-
tance and capacitance of the device under test, further
comprising a plurality of input terminals, selected ones
of the plurality of input terminals being selectively con-
nected to the divider network by the selection unit and
the programmed controller to measure selected ones of
the electrical parameters.

25. The measuring apparatus of claim 1, further in-
cluding an interface circuit providing communication
between the programmable controller and the network,
and wherein the programmable controller configures
the network by communication therewith by way of the
interface circuit for a selected parameter and a selected

range of values of that parameter.
* * * * *
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